Evidence is presented that the secretion of aldosterone in dogs mav he considerably influeneed by hemodynamic factors. The experiments indicate that secretion of aldosterone iay be decreased by expanding the "low pressure" system, and may be increased by reducing the amplitude of the pulse pressure in the carotid arteries. The decrease may be prevented by prior section of the vagi, the increase by prior denervation of the thyro-carotid arterial junctions.
P REVIOUS experiments have pointed to some function of blood volume as a major factor in the control of the secretion of aldosterone.1 In the present studies, we have proceeded on the assumption that the secretion of aldosterone involves a neurohumoral final common pathway, with a mechanism within the central nervous system which integrates signals generated by hemodynamic stimuli. The experiments described here are attempts to delineate the afferent pathways of these stimuli and the essential nature of the hemodynaniie stimuli themselves. Some of the work discussed here has been presented elsewhere.2 5 The experiments were performed on healthy mongrel dogs which had been anesthetized with sodium pentobarbital. Adrenal venous blood was collected intermittently by the method of Hume and Nelson. 6 The secretion rate of aldosterone was determined either by Mills aldosterone was obtained before application of the specific stimulus. Blood lost, or withdrawn for assay, was replaced by homologous transfusion. Constriction of the supradiaphragmatic inferior vena eava traps blood " below " the constriction, with a resultant depletion of blood "above" the constriction. Such a constriction is consistently effective in inereasing the secretion of aldosterone; this effect can be measured, reproducibly, within 1 hour of the application of the constriction. Upon release of the constriction, there is, also reproducibly, a fall in the secretion of aldosterone which occurs within an hour and a half.2 The constriction can then be reapplied and, within an hour, there is again an increase in the se-(retion of aldosterone. An experiment of this type is illustrated in figure la.
Circulation, Volume XXI, It has been suggested by Davis anid coworkers9 that eaval constriction stimulates an increase in the secretion of aldosterone in some way other than by imodifying a function of the blood volume. In their experiments, the increase in the secretion of aldosterone, which ordinarily follows eaval constriction, could niot be prevented by infusion of a quantity of dextran which was calculated to compensate for the blood sequestered or lost by applicationi of the constriction. However, the extent of hemodynamnic changes evidently depends on the degree of the constriction, and the susceptibility of these changes to reversal by infusion depends upon the rate of infusion as well as upon its volume. Carotid sinus and thyro-carotid arterial junction denervation (carotid strip).
the constriction was maintained, by rapid infusion of blood above the constriction. This evidence suggests that caval constriction is, in fact, a hemodynamic stim7alus.
Bilateral section of the vagus nerves in the neck does not prevent the rise in the secretion of aldosterone which follows caval constriction, but it does prevent the fall which follows release of the constriction.2 An experiment of this type is shown in figure lb. As shown in figure ic,2 vagotomy per se has no effect upon the secretion of aldosterone. Both the increase in the secretion of aldosterone which follows eaval constriction despite vagotomy, and the absence of the fall in the secretion of aldosterone in the vagotomized animal after the constriction is released are reproducible phenomena. This evidence is consistent with the hypothesis that impulses leading to decreases in the secretion of aldosterone may arise in the atria or great vessels and be conveyed to the central nervous systenm via the vagus nerves. It also suggests that stimuli leading to inereases in the secretion of aldosterone are mediated by some other pathway.
Bilateral constriction of the common carotid arteries low in the neck (carotid constriction) produces an increase in the rate of secretion of aldosterone. In the intact animal, it also gives rise to an increase in systemic (extracarotid) arterial blood pressure. Prior stripping of the carotid arteries of their nerve supply-from above the carotid sinuses to low in the neck-abolished the increased secretion of aldosterone and the increase in blood pressure which otherwise follow carotid constriction.
It is possible to dissociate the effects of constriction of the common carotid artery on the secretion of aldosterone from the effects on the blood pressure. Some animals were subjected to a careful denervation of the carotid sinuses alone. In these animals carotid constriction produced normal increases in the secretion of aldosterone even though the usual pressor responses were absent. In another group of dogs, the thyro-carotid arterial junctions were denervated without denervation of the carotid sinuses or of the remainder of the carotid arteries; the region of the thyrocarotid arterial junctions has been shown to be a baroceptor area in both the dog5 and the cat.10 In these dogs, carotid constriction produced no increases in the secretion of aldosterone despite intact pressor responses. Statistical evaluation of the data derived from these experiments reveals nlo significant difference between normal and sinus-denervated animals with respect to increases in the secretion of aldosterone following carotid constriction. However, the responses of the group with denervated thyro-carotid arterial junctions were significantly different (p <.001) from those of the normal group. Denervation and of administration of desoxycorticosterone (DOC) on urinary sodium and body weight in a dog receiving a daily sodium intake of 50 mEq. of this region in anlother group of dogs was also shown to prevent the acute increase in the secretion of aldosterone which ordinarily follows eaval constriction. Again, the results were highly significant statistically.3 These data suggest that the increases in aldosterone secretion following caval or carotid constriction depend on the integrity of the nerves arising at the thyro-carotid arterial junction.
Chronic constriction of the supradiaphragmatic inferior vena cava coiimmonly produces a form of secondary aldosteronism characterized by retention of sodium, ascites and, at times, edema." The retention of fluid in this condition is an exceedingly complex phenomenon, and it seems clear that aldosterone plays only a part in its development or maintenance. An experimenit on an animal prepared in this way is shown in figure 4 . Following eaval constriction, there was retention of sodium with gain in weight and the develop- ascites and a reduction in weight. That this response was not due to development of collateral circulation is shown by the response to desoxycorticosterone, which produced retention of sodium and gain in weight. Figure  5 shows a series of values for the secretion of aldosterone in a dog with a chronic adrenal cannula. The animal was first subjected to eaval constriction and, later, to denervation of the thyro-carotid arterial junctions. Caval constriction produced an increased secretion of aldosterone which was reversed after the denervation.
Because ascites per se may reduce the ability to retain further amounts of sodium,12 still another preparation was utilized. Dogs with ascites following caval constriction, receiving a constant sodium intake of 60 mEq.
per day, were subjected to paracentesis. After the abdominal fluid had reaccumulated, they were subjected to bilateral denervation of the thyro-carotid arterial junctions. In order to provide a maximal stimulus to sodium retention, a paracentesis was again done. One such experiment is shown in figure 6 . In patients with "high-output" failure, the situation is more complex. If hypersecretion of aldosterone is an important element in the disease picture, it is clear that a low absolute value of pulse pressure cannot be a prerequisite, since elevated pulse pressure and edema may certainly coexist in beriberi heart disease. However, one of the earliest responses of patients with beriberi heart disease to thiamine is an increase of pulse pressure which precedes the loss of sodium and of weight.17 18 Thus, a relative decrease of pulse pressure may be related even to the aldosteronism of high-output failure.
In summary, figure 8 presents schematically a working hypothesis concerning the hemodynamic control of the secretion of aldosterone. A dual mechanism is illustrated. Se expansion of the "low pressure" system; the afferent impulses traverse vagal pathways. Secretion of neurohormone may be increased by constriction of (that is, decrease of pulse pressure in) the common carotid artery; the afferent impulses arise from baroreceptors in the region of the thyro-carotid arterial junetions.5
